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Dominant Recessive
3AL R-A1b  (R 2) R-A1a  (r 2)
3BL R-B1b  (R 3) R-B1a  (r 3)
3DL R-D1b  (R 1) R-D1a  (r 1)
࣭Seed coat color is a Mendelian inheritance trait.
Chromosome Allele
࣭Two notations have been used for the alleles, the older of
which is shown in  parentheses (McIntosh et al. 1998;
Heyne and Livers 1953; Metzger and Silbaugh 1970).
࣭Phenotypes of seed coat color are not identified until one
generation later because the seed coat is a maternal tissue.































































Variety R-A1 R-B1 R-D1 Grain color Reference
Fielder a a a White -
Tamaizumi a  (CS type) a a White Himi et al. (2011)
Zenkojikomugi a  (CS type) b b Red Miura et al. (2002)
AUS1408 a  (GeST  insertion) a a White Himi et al. (2011)
Yumechikara No information No information No information Red -
Kitahonami No information No information No information Red -
Chinese Spring a  (CS type) a b Red Heyne and Livers (1953)
b : functional.
Genotype
a : non-functional.  There are two types of non-functional Tamyb10-A1 genes linked with  R-A1a : Chinese Spring
type (CS type) and Genome Surfing Trader  insertion (GeST  insertion) (Himi et al. 2011).


















Table 3  Method of multiplex PCR 1 for genotyping of Tamyb10-A1
Primers, amplicon sizes, and functionality
Gene Amplicon size
A(1)' Tamyb10-LP6 1,059 bp Functional
A(2) Tamyb10-LP7 536 bp Non-functional (Chinese Spring type)










Himi et al. (2011)
Composition of the reaction mixture for multiplex PCR 1
Reaction mixture for multiplex PCR 1 (total 20 ul) Final concentration
100 ng/ul genomic DNA 1 ul 5 ng/ul genomic DNA
10XEx Taq  Buffer (Mg2+ plus)* 2 1XEx Taq  Buffer (Mg2+ plus)
2.5 mM dNTP Mixture 1.6 200 uM dNTP Mixture
50% Glycerol 4 10% Glycerol
10 uM Tamyb10-LP6 0.4 0.2 uM Tamyb10-LP6
10 uM Tamyb10-LP7 0.4 0.2 uM Tamyb10-LP7
10 uM Tamyb10-RP4 0.4 0.2 uM Tamyb10-RP4
10 uM Tamyb10-LP8 0.4 0.2 uM Tamyb10-LP8
10 uM ARP1 0.4 0.2 uM ARP1
TAKARA EX Taq  HS (5 U/ul)** 0.1 0.025 U/ul TAKARA EX Taq  HS
Distilled water up to 20 -
*, **: Supplied by Takara Bio Inc..































Primers, amplicon sizes, and functionality
Gene Amplicon size
282 bp Functional
263 bp Non-functional (19-bp deletion form exon 3)









Himi et al. (2011)
Composition of the reaction mixture for multiplex PCR 2
Reaction mixture for multiplex PCR 2 (total 20 ul) Final concentration
100 ng/ul genomic DNA 1 ul 5 ng/ul genomic DNA
10XEx Taq  Buffer (Mg2+ plus)* 2 1XEx Taq  Buffer (Mg2+ plus)
2.5 mM dNTP Mixture 1.6 200 uM dNTP Mixture
50% Glycerol 4 10% Glycerol
10 uM Tamyb10-LP2 0.4 0.2 uM Tamyb10-LP2
10 uM Tamyb10-RP1 0.4 0.2 uM Tamyb10-RP1
10 uM DLP7 0.4 0.2 uM DLP7
10 uM DRP7 0.4 0.2 uM DRP7
TAKARA EX Taq  HS (5 U/ul)** 0.1 0.025 U/ul TAKARA EX Taq  HS
Distilled water up to 20
*, **: Supplied by Takara Bio Inc..
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Fig. 1  PCR genotyping of Tamyb10 genes in four wheat varieties, using the previous method.
  Five PCRs were required for genotyping according to Himi et al. (2011). Left figures indicate genomic structures of 
Tamyb10 genes. Colored boxes indicate exons, empty boxes indicate introns or untranslated regions, and black and gray 
boxes indicate a non-functional sequence of Chinese Spring type. Arrows represent orientation and approximate locations 
of primers used for PCRs. CS*: Chinese Spring type; GeST**: insertion of a transposon-like sequence as a non-autonomous 
form.
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Fig. 2  Multiplex PCR genotyping of Tamyb10 genes in four same wheat varieties as Fig. 1, using the new method.
  Two Multiplex PCRs were carried out according to the methods in Tables 3 and 4. Left figures show genomic structures of 
Tamyb10 genes. Colored boxes indicate exons, empty boxes indicate introns or untranslated regions, and black and gray boxes 
indicate a non-functional sequence of Chinese Spring type. Arrows represent orientation and approximate locations of primers used 
for multiplex PCRs. Tamyb10-RP4 is a common reverse primer used to distinguish between A(1)’ and A(2). ARP1 is a reverse 
primer designed in this study to detect GeST in Tamyb10-A1, and DLP7 and DRP7 are a primers’ pair designed in this study to 
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Fig. 3  Multiplex PCR genotyping of Tamyb10 genes in two leading varieties from Hokkaido, using the new method. 
  Two multiplex PCRs were carried out according to the methods in Tables 3 and 4. Two leading varieties from Hokkaido, 
“Yumechikara” and “Kitahonami”, with unknown Tamyb10s genotypes, were analyzed with “Chinese Spring” as a control that 
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Fig. 4  A practical utilization example for the multiplex PCR genotyping of Tamyb10 genes in a backcross population.
 212 F2 segregants from a tenth backcross population (a white-grained line × 11 times of “Zenkojikomugi” (a red-grained variety)) 
ZHUHJHQRW\SHGDFFRUGLQJWRWKHPXOWLSOH[3&57KLV¿JXUHVKRZVDSDUWRIWKHJHOHOHFWURSKRUHVLVHV³%&10F2-1 to -22”. 
“Minaminokaori” and “Saikai 203” were control varieties with known Tamyb10sJHQRW\SHV7KHVL]HPDUNHU³ĳ;Hinc II 
digest” was applied at the lanes at each end of each gel.
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Variety R-A1 R-B1 R-D1 Reference
Chinese Spring a a b
Pawnee a a b
Kharkof a b b
Red Bobs b a a
PI 178383 b b b
Norin 66 b a a
Fukuwasekomugi b a a
Norin 10 b a b
Asakazekomugi b a b
Kitakamikomugi a b b
Fukuhokomugi b b a
Norin 61 b b b
RL4137 b b b
Zenkogikomugi a b b Miura et al. (2002)
Yumechikara a b b
Kitahonami b a b This study (Fig. 3)
Genotype
Heyne and Livers (1953)
Metzger and Silbaugh (1970)
Kaneko et al. (1994)







































.  'HYHORSPHQW RI 3&5 PDUNHUV
IRU Tamyb10 UHODWHG WR R-1 UHG JUDLQ
FRORUJHQHLQZKHDW7KHRU$SSO*HQHW

㸱㸧.DQHNR 6 .RPDH . 1DJDPLQH 7 DQG
<DPDGD 7  'HYHORSPHQW RI DQ
H[WUDFWLRQ SURFHGXUH IRU ZKHDW UHG FRDW
SLJPHQWV DQG GHWHUPLQDWLRQ RI YDULHWDO






















KH[DSORLG ZKHDW 7ULWLFXP DHVWLYXP /
&URS6FL
㸶㸧0LXUD+6DWR1.DWR.DQG$PDQR<
 'HWHFWLRQ RI FKURPRVRPHV FDUU\LQJ
JHQHVIRUVHHGGRUPDQF\RIZKHDWXVLQJWKH
EDFNFURVV UHFLSURFDO PRQRVRPLF PHWKRG
3ODQW%UHHG
㸷㸧:DQJ<:DQJ;/0HQJ-<=KDQJ
< - +H = + DQG <DQJ < 
&KDUDFWHUL]DWLRQ RI Tamyb10 DOOHOLF
YDULDQWV DQG GHYHORSPHQW RI 676 PDUNHU






















㼠㼔㼑㻌㼟㼍㼙㼑㻌㼓㼑㼚㼛㼠㼥㼜㼑㼟㻌㼐㼑㼠㼑㼏㼠㼑㼐㻌㼎㼥㻌㼠㼔㼑㻌㼠㼣㼛㻌㼙㼑㼠㼔㼛㼐㼟㻚㻌㻺㼑㼤㼠㻘㻌 㼠㼣㼛㻌 㼘㼑㼍㼐㼕㼚㼓㻌㼢㼍㼞㼕㼑㼠㼕㼑㼟㻌 㼒㼞㼛㼙㻌㻴㼛㼗㼗㼍㼕㼐㼛㻘㻌䇾㼅㼡㼙㼑㼏㼔㼕㼗㼍㼞㼍䇿㻌㼍㼚㼐㻌
䇾㻷㼕㼠㼍㼔㼛㼚㼍㼙㼕䇿㻘㻌㼣㼕㼠㼔㻌㼡㼚㼗㼚㼛㼣㼚㻌Tamyb10s㻌㼓㼑㼚㼛㼠㼥㼜㼑㼟㻘㻌㼣㼑㼞㼑㻌㼍㼚㼍㼘㼥㼦㼑㼐㻌㼎㼥㻌㼙㼡㼘㼠㼕㼜㼘㼑㼤㻌㻼㻯㻾㼟㻚㻌㼀㼔㼑㻌㼞㼑㼟㼡㼘㼠㼟㻌㼟㼔㼛㼣㼑㼐㻌㼠㼔㼍㼠㻌㼠㼔㼑㼕㼞㻌
㼓㼑㼚㼛㼠㼥㼜㼑㼟㻌㼣㼑㼞㼑㻌R-A1a㻛R-B1b㻛R-D1b㻌 㼍㼚㼐㻌R-A1b㻛R-B1a㻛R-D1b㻘㻌 㼞㼑㼟㼜㼑㼏㼠㼕㼢㼑㼘㼥㻚㻌㼀㼔㼕㼟㻌㼚㼑㼣㻌㼙㼑㼠㼔㼛㼐㻌㼏㼛㼚㼠㼞㼕㼎㼡㼠㼑㼟㻌 㼠㼛㻌
㼟㼑㼘㼑㼏㼠㼕㼚㼓㻌㼣㼔㼕㼠㼑㻙㼓㼞㼍㼕㼚㼑㼐㻌㼟㼑㼓㼞㼑㼓㼍㼚㼠㼟㻌 㼒㼞㼛㼙㻌㼎㼍㼏㼗㼏㼞㼛㼟㼟㻌㼜㼛㼜㼡㼘㼍㼠㼕㼛㼚㼟㻌㼛㼒㻌㼍㻌㼣㼔㼕㼠㼑㻙㼓㼞㼍㼕㼚㼑㼐㻌 㼘㼕㼚㼑㻌㽢㻌䇾㼆㼑㼚㼗㼛㼖㼕㼗㼛㼙㼡㼓㼕䇿㻌 㻔㼍㻌㼞㼑㼐㻙
㼓㼞㼍㼕㼚㼑㼐㻌㼢㼍㼞㼕㼑㼠㼥㻕㻚
㻌㻌㻳㼑㼚㼛㼠㼥㼜㼑㼟㻌㼛㼒㻌㻝㻢㻌㼞㼑㼐㻙㼓㼞㼍㼕㼚㼑㼐㻌㼢㼍㼞㼕㼑㼠㼕㼑㼟㻌㼍㼞㼑㻌㼟㼔㼛㼣㼚㻌㼍㼟㻌㼑㼤㼍㼙㼜㼘㼑㼟㻚㻌㼀㼔㼑㻌㼕㼚㼒㼛㼞㼙㼍㼠㼕㼛㼚㻌㼕㼟㻌㼡㼟㼑㼒㼡㼘㻌㼕㼚㻌㼙㼍㼗㼕㼚㼓㻌㼠㼔㼑㻌㼠㼔㼞㼑㼑㻌㼓㼑㼚㼑㼟㻌
R-A1a㻛R-B1a㻛R-D1a㻌㼙㼍㼠㼏㼔㻌 㼠㼛㻌 㼟㼑㼘㼑㼏㼠㻌㼣㼔㼕㼠㼑㻙㼓㼞㼍㼕㼚㼑㼐㻌 㼘㼕㼚㼑㼟㻌 㼒㼞㼛㼙㻌㼟㼕㼎㼘㼕㼚㼓㼟㻌㼣㼕㼠㼔㻌㼔㼕㼓㼔㻌 㼠㼛㼘㼑㼞㼍㼚㼏㼑㻌㼍㼓㼍㼕㼚㼟㼠㻌㼜㼞㼑㻙㼔㼍㼞㼢㼑㼟㼠㻌
㼟㼜㼞㼛㼡㼠㼕㼚㼓㻌㼕㼚㻌㼣㼔㼑㼍㼠㻌㼎㼞㼑㼑㼐㼕㼚㼓㻚
‽⁗⁫‒⁩⁡⁤⁖‬‒㻹㼡㼘㼠㼕㼜㼘㼑㼤㻌㻼㻯㻾㻘㻌㼓㼑㼚㼛㼠㼥㼜㼕㼚㼓㻘㻌Tamyb10㻘㻌㼟㼑㼑㼐㻌㼏㼛㼍㼠㻌㼏㼛㼘㼛㼞㻘㻌㼣㼔㼑㼍㼠㻌㻔Triticum aestivum㻌㻸㻚㻕㻘㻌㼠㼛㼘㼑㼞㼍㼚㼏㼑㻌㼍㼓㼍㼕㼚㼟㼠㻌㼜㼞㼑㻙
㼔㼍㼞㼢㼑㼟㼠㻌㼟㼜㼞㼛㼡㼠㼕㼚㼓
ᵟᴾᵱᶇᶋᶎᶊᶃᴾᵫᶃᶒᶆᶍᶂᴾᶄᶍᶐᴾᵥᶃᶌᶍᶒᶗᶎᶇᶌᶅᴾᶍᶄᴾᵵᶆᶃᵿᶒᴾᵱᶃᶃᶂᴾᵡᶍᵿᶒᴾᵡᶍᶊᶍᶐᴾᵥᶃᶌᶃᶑᴾᶀᶗᴾᵫᶓᶊᶒᶇᶎᶊᶃᶖᴾᵮᵡᵰᶑ
ᵱᶓᶋᶋᵿᶐᶗ
㻿㼔㼕㼔㼛㻌㻷㼁㻾㻵㻴㻭㻾㻭㻙㼅㻻㻺㻱㻹㻻㼀㻻㻝㻕㻘㻌㻴㼕㼠㼛㼟㼔㼕㻌㻹㻭㼀㻿㼁㻺㻭㻷㻭㻞㻕
㻝㻕㻌㻻㼒䟺㼏㼑㻌㼛㼒㻌㻾㼕㼟㼗㻌㻹㼍㼚㼍㼓㼑㼙㼑㼚㼠㻘㻌㻴㼛㼗㼗㼍㼕㼐㼛㻌㻭㼓㼞㼕㼏㼡㼘㼠㼡㼞㼍㼘㻌㻾㼑㼟㼑㼍㼞㼏㼔㻌㻯㼑㼚㼠㼑㼞㻘㻌㻺㻭㻾㻻
㻞㻕㻌㻰㼕㼢㼕㼟㼕㼛㼚㻌㼛㼒㻌㻸㼛㼣㼘㼍㼚㼐㻌㻲㼍㼞㼙㼕㼚㼓㻌㻾㼑㼟㼑㼍㼞㼏㼔㻘㻌㻷㼥㼡㼟㼔㼡㻌㻻㼗㼕㼚㼍㼣㼍㻌㻭㼓㼞㼕㼏㼡㼘㼠㼡㼞㼍㼘㻌㻾㼑㼟㼑㼍㼞㼏㼔㻌㻯㼑㼚㼠㼑㼞㻘㻌㻺㻭㻾㻻

